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ABSTRACT 


Plasma  vave  measurements  using  instruments  on  the  IMP  6 and 
Hawkeye  1 satellites  are  utilized  in  a study  of  very  intense  electro- 
static waves  near  the  upper  hybrid  resonance  frequency  in  the  region 
just  outside  the  plasmapause.  These  intense  plasma  wave  events 
have  electric  field  strengths  of  ~ 1 to  20  mV /m”^ and  are  among 
the  most  intense  waves  seen  in  the  earth's  magnetosphere.  Detailed 
studies  of  more  than  l40  of  these  intense  electrostatic  disturbances 
reveal  that  the  events  occur  at  all  local  times  and  at  magnetic 

I 

latitudes  varying  from  the  equator  to  as  high  as  50/.  The  polariza- 

IQ.. 

tlon  of  these  waves  is  such  that  the  wave  electric  field  vector 
is  oriented  perpendicular  to  the  geomagnetic  field.  In  most  cases 
the  center  frequency  of  the  intense  waves  appears  to  correspond 
to  an  (n  + 1/2)^^  harmonic  near  the  upper  hybrid  resonance  frequency. 

A survey  of  plasma  measurements  made  simultaneously  using 
the  Hawkeye  1 LEPEDEA  shows  that  the  occurrence  of  the  intense 
electrostatic  waves  is  not  strongly  controlled  by  the  intensities 
of  ~ 1 to  20  keV  electrons,  but  that  specific  details  of  the  hot 
electron  distribution  function  are  directly  related  to  the  wave 
turbulence.  All  events  at  magnetic  latitudes  less  than  about  10° 
show  strong  pitch  angle  anisotropy  with  the  greatest  intensities 
at  or  <»(  90°.  The  hot  distribution  function,  f(v^,  Vjj ),  is  described 


kJ  ~j 
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INTRODUCTION 


This  paper  describes  very  intense  electrostatic  waves  occur- 
ring Just  beyond  the  plasmapause  at  frequencies  close  to  the  local 
upper  hybrid  resonance  frequency,  The  importance  of  these 

waves  is  accentuated  by  their  large  amplitudes,  ranging  from  about 
1 to  20  mV  m"^,  making  them  some  of  the  most  intense  waves  detected 
within  the  magnetosphere  of  the  earth. 

Weaker  bands  of  electrostatic  waves  in  the  magnetosphere 
near  have  been  studied  previously.  Gurnett  and  Shaw  [1973], 
Hosier  et  al.  [1973]>  Shaw  and  Gurnett  [1975],  and  Hubbard  and 
Birmingham  [1978a, b]  have  discussed  bands  of  electrostatic  emission 
at  or  Just  outside  the  plasmapause.  The  frequencies  of  those  bands 
varied  directly  with  upper  hybrid  resonance  frequency  over  a region 
extending  from  Just  inside  the  plasmapause,  across  the  abrupt 
decrease  in  plasma  density  (frequency)  at  the  plasmapause,  and  into 
the  outer  magnetosphere.  This  signature  appeared  in  about  two- 
thirds  of  the  IMP  6 plasmapause  crossings.  The  band  near  f 

UHK 

at  the  plasmapause  was  identified  as  upper  hybrid  resonance  noise 
(in  the  terminology  of  Gurnett  and  Shaw  [1973])*  Outside  the 
pl.asmapause  diffuse  electrostatic  bands  and  narrow-band  electro- 
static noise  were  identified  with  emission  frequencies  between 

harmonics  of  the  electron  gyrofrequency,  f"  [Shaw  and  Gurnett,  1975]* 

S 
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The  intense  electrostatic  waves  reported  in  this  paper  are 
probably  related  to  one  or  more  of  the  bands  discussed  by  Shaw  and 
Gurnett  [1975] • In  fact,  the  intense  bands  studied  here  often  appear 
to  be  very  intense  upper  hybrid  resonance  noise.  It  is  important 
to  note  that  Shaw  and  Gurnett  have  suggested  the  possibility  of  two 
distinct  populations  of  events  distinguishable  by  intensity. 

Evidence  for  the  two  populations  is  presented  in  their  Figure  7 by 
means  of  a histogram  for  the  number  of  electrostatic  noise  bands 
at  31.1  kHz  as  a function  of  peak  electric  field  spectral  density. 

The  primary  peak  in  occurrence  frequency  is  located  at  about  lO”^^ 

p -2  -1  -9  2.  -2  -1 

A/  m Hz  , with  a small  secondary  peak  located  near  10  AT"  m Hz  . 

The  intensities  of  the  bands  contributing  to  the  secondary  peak  are 

similar  to  the  intensities  of  the  waves  reported  in  this  paper. 

In  this  paper  we  treat  only  the  most  intense  electrostatic 
waves  found  near  the  plasmapause  and  consider  them  to  represent  a 
class  of  waves  unique  from  the  low  intensity  bands  discussed  by 
Shaw  and  Gurnett  [1975],  even  though  the  very  intense  waves  are 
similar  in  many  respects  to  the  lower  amplitude  waves.  We  seek 
to  understand  why  these  waves  are  so  much  more  intense.  Since  the 
initial  report  by  Shaw  and  Gurnett  [1975]  which  alluded  to  the 
existence  of  intense  electrostatic  waves  near  f,,u„,  there  have 
been  other  reports  of  such  waves  in  the  literature.  Gurnett 
[1975]  shows  a very  intense  electrostatic  wave  event  in  his 
Figure  I3  which  appears  to  be  associated  with  nonthermal  continuum 
radiation.  Using  the  passive  plasma  wave  receiver  on  board  GEOS  1 
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Christiansen  £t  al.  [1978]  detected  a similar  intense  band  near 
f“  at  about  6.5  R„  and  suggested  it  might  be  an  example  of  coherent 

p hi 

electron  cyclotron  harmonic  emission.  Most  recently  Gurnett  et  al. 
[1978]  have  shown  a very  intense  band  (~  7 mV  m"^)  Just  outside  the 
plasmapause  near  the  lower  frequency  cutoff  of  the  nonthermal  con- 
tinuum radiation  detected  with  the  plasma  wave  receiver  on  ISEE  1. 
Until  now,  no  concerted  effort  has  been  made  to  study  the  occurrence 
and  origin  of  these  waves  in  a systematic  manner.  It  is  the  purpose 
of  this  paper  to  explore  the  intense  electrostatic  waves  beyond  the 
plasmapause  near  f^^^  in  detail.  We  shall  describe  the  spectral 
characteristics,  polarization,  and  the  region  of  occurrence  of  the 
waves  as  well  as  the  association  of  these  electrostatic  waves  with 
other  wave  modes  in  the  magnetosphere  such  as  odd,  half-harmonics 
of  the  electron  gyrofrequency  and  nonthermal  continuum  radiation. 

The  plasma  wave  receivers  on  board  the  IMP  6 and  Hawkeye  1 
satellites  are  well  suited  to  study  electrostatic  waves  in  the 
magnetosphere.  The  satellites  were  placed  in  highly  eccentric  orbits 
with  greatly  different  initial  inclinations  of  89.8°  and  28.7°  (for 
Hawkeye  1 and  IMP  6,  respectively),  hence,  large  portions  of  the 
magnetosphere  have  been  sampled.  (See  Figure  1 of  Gurnett  and  Frank 
[1977]  for  an  illustration  of  the  portions  of  the  magnetosphere 
sampled  by  Hawkeye  1 and  IMP  6. ) Each  plasma  wave  receiver  was 
designed  to  sample  the  broad  frequency  range  occupied  by  character- 
istic frequencies  of  magnetospheric  plasma.  The  plasma  wave  sensors 
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aad  receivers  on  board  IMP  6 are  described  by  Gurnett  and  Shaw  [1973] 
and  the  Hawkeye  1 plasma  wave  receiver  is  described  by  Kurth  et  al. 

f [1975]. 

i 

The  interaction  of  the  intense  waves  with  magnetospheric 
plasma  is  important  to  the  understanding  of  the  wave  generation 
mechanism.  In  support  of  this  study  of  intense  electrostatic  waves 
we  shall  present  the  results  of  a survey  of  the  plasmas  within  regions 
of  the  intense  wave  turbulence.  Early  observations  of  the  plasma 
in  the  region  just  outside  the  plasmapause  are  given  by  Schield  and 
Frank  [1970]  and  DeForest  and  Mcllwain  [l97l]»  These  papers  des- 
cribe the  earthward  edge  of  the  plasma  sheet  and  the  injection  of 
hot  plasma  sheet  electrons  into  the  electron  trough  during  magnetic 
substorms.  Anderson  [1976]  has  demonstrated  a correlation  between 
intense  electrostatic  waves  above  f”  and  the  injection  of  1.2  keV 
electrons  into  the  region  just  outside  the  nightside  plasmapause. 

The  present  study  is  not  meant  to  be  a comprehensive  study  of  the 
plasma  just  beyond  the  plasmapause,  but  rather  is  concerned  with 
the  comparison  of  these  plasmas  with  observations  of  intense  electro- 
static waves  near  fyjjg* 

Measurements  of  the  intensities  of  electrons  and  positive 
ions  over  an  energy  range  from  about  50  eV  to  4o  keV  have  been  gained 
with  LEPEDEA  plasma  instrumentation  on  board  the  Hawkeye  1 space- 
craft. The  nearly  rectangular  field  of  view  of  the  plasma  analyzer 
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1 

I 


is  directed  normal  to  the  spacecraft  spin  axis,  with  angular  dimen- 
sion 30’  parallel  to  the  spin  axis  and  8°  in  the  plane  of  rotation. 
A thin-windowed  Geiger-Mueller  tube  is  provided  as  part  of  the 
plasma  instrument  to  determine  the  directional  intensities  of 
electrons  and  protons  at  energies  E ^ ^5  keV  and  ^ 6OO  keV,  respec- 
tively. Instruments  similar  to  the  Hawkeye  LEPEDEA  have  been  flown 
on  the  IMP  and  INJUN  satellites  and  are  described  in  detail  in 
Frank  [1967]. 


i 
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II.  DESCRIPTION  OF  INTENSE  ELECTROSTATIC  WAVES 
BEYOND  THE  PLASMAPAUSE 

A.  Spectral  Properties 

An  example  of  the  Intense  electrostatic  wave  events  detected 
by  IMP  6 and  Hawkeye  is  shown  in  Figure  1 to  Illustrate  the  main 
characteristics  of  the  waves.  This  illustration  shows  the  average 

fj 

and  peak  electric  field  strengths  sampled  in  the  eight  highest  fre-  | 

1^ 

quency  spectrum  analyzer  channels  of  the  IMP  6 plasma  wave  experi-  li 

ment  for  a two-hour  interval  on  Janviary  l8,  1972.  The  solid  black  j 

area  for  each  channel  has  a vertical  extent  proportional  to  the  ,j 

logarithm  of  the  electric  field  strength  averaged  over  5*3-sec. 

intervals.  The  dots  represent  the  peak  electric  field  strengths 

detected  during  each  averaging  interval.  The  event  present  in  the 

56. 2- kHz  channel  at  about  1950  UT  and  with  a peak  electric  field 

strength  of  4.0  mV  m”^  is  typical  of  the  electrostatic  wave  events 

discussed  in  this  report.  The  location  of  the  plasmapause  shown  in 

Figure  1 is  identified  by  observing  several  characteristic  changes  , 

occurring  nearly  simultaneously  in  the  plasma  wave  spectrum  and 

spacecraft-related  interference.  (For  a discussion  of  methods  useful 


in  determining  plasmapause  locations  by  means  of  various  signatures 
in  plasma  wave  data  see  Shaw  and  Gurnett  [ 19753 •)  The  dashed  line 
labelled  f,^  in  Figure  1 provides  an  estimate  of  the  upper  hybrid 


u 


While  the  average  electric  field  spectral  density  in  this  example 
is  about  7 x lO"^^  m~^  Hz~^,  the  peak  is  about  3 x lO"^  m~^ 

Hz”^.  This  represents  a variation  of  a factor  of  about  7 in  electric 
field  strength  in  5«3  seconds. 

The  intense  waves  near  usually  include  a weak  magnetic 

component.  Following  the  terminology  of  Shaw  and  Gurnett  [1975], 
we  have  consistently  referred  to  the  waves  as  being  electro- 
static, but  as  can  be  seen  in  Figure  3>  a small  but  measurable  mag- 
netic field  component  is  present.  The  elec trie- to-magne tic  field 
energy  density  ratio  for  this  example  is  about  l600,  while  the  ratio 
is  usually  equal  to  or  greater  than  about  1000  for  the  other  events 
detected  with  IMP  6.  In  some  cases,  no  magnetic  component  is  detect- 
able. Because  the  electric-to-magnetic  field  energy  density  ratio 
is  very  large  compared  to  that  for  electromagnetic  waves  in  free 
space,  we  refer  to  these  waves  as  electrostatic.  It  is  important 
to  mention  that  magnetic  field  data  for  the  frequency  range  of 
interest  are  available  only  in  the  IMP  6 data.  We  have  assumed 
that  features  visible  in  the  Hawkeye  data  which  are  similar  to 
Dtp  6 events  in  their  electric  field  characteristics  also  have 
similar  magnetic  field  properties. 

B.  Regions  of  Occurrence 

The  initial  isolation  and  characterization  of  the  intense 
electrostatic  waves  discussed  in  this  paper  were  achieved  through 
a semi-automatic  search  of  plasma  wave  data  acquired  with  the  IMP  6 
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and  Hawkeye  1 satellites.  Electrostatic  bands  near  f are  narrow- 

UHR 

band  and  fluctuate  rapidly  in  intensity  on  time  scales  of  seconds 

or  less.  A computer  algorithm  is  used  to  select  narrowband 

(Af/f  < 10  percent)  events  by  seeking  responses  in  a single  channel 

which  are  stronger  by  a factor  of  at  least  3 than  the  responses  in 

adjacent  channels.  The  algorithm  also  selects  events  which  exhibit 

rapid  fluctuations  in  intensity  by  requiring  a peak- to-ave rage 

electric  field  strength  ratio  greater  than  about  3.  Finally,  only 

those  events  with  maximum  electric  field  strength  greater  than  about 

1 mV  m ^ are  selected.  Waves  of  lower  intensity  have  been  studied 
/ 

in  detail  elsewhere  [Shaw  and  Gurnett,  1975]. 

Intense  electrostatic  waves  at  lower  frequencies,  e.g. , near 
3f"/2  have  been  studied  extensively  [Kennel  et  al.,  1970;  Fredricks 

g/  

and  Scarf,  1973;  Scarf  et  al.,  1973]*  Hence,  in  this  paper  we  seek 
to  extend  the  study  of  electrostatic  waves  in  the  magnetosphere  to 
Intense  waves  at  frequencies  usually  much  greater  than  f , i.e.,  f 
or  f,,OT"  While  the  electron  plasma  frequency  may  drop  to  as  low  as 
500  Hz  in  portions  of  the  magnetotail,  f”  is  usually  greater  than 
about  5 kHz  for  most  regions  of  the  magnetosphere.  The  range  of 
magnev.ospherlc  gyrofrequencies  beyond  the  plasmapause  is  about 
500  Hz  to  15  kHz.  Hence,  the  search  was  conducted  at  IMP  6 analyzer 
center  frequencies  of  5*62,  10.0,  l6.5>  31*1#  56.2  and  100  kHz.  Two 
analyzer  center  frequencies  of  the  Hawkeye  plasma  instrument  were 
located  at  slightly  different  values  of  13*3  and  17.8  kHz  (versus 
the  10.0-  and  l6.5-kHz  channels  of  IMP  6). 
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Once  the  list  of  possible  events  with  narrow  spectral  struc- 
ture and  large,  sporadic  amplitudes  is  generated,  the  process  of 
gaining  specific  information  on  individual  events  must  proceed  by- 
hand.  In  addition  to  the  intense  electrostatic  events  of  interest 
the  List  includes  events  for  which  (l)  the  waves  are  clearly  electro- 
magnetic, (2)  the  wave  frequencies  are  well  below  f”,  and  (3)  the 
waves  do  not  occur  within  the  magnetosphere  of  the  earth,  such  as 
electron  plasma  oscillations  in  the  solar  wind.  The  list  is  refined 
by  hand  to  accomplish  two  goals.  First,  we  eliminate  events  which 
are  clearly  not  electrostatic  waves  near  f"  or  f,^—  in  the  magneto- 
sphere  and  second,  we  attempt  to  classify  and  characterize  the 
remaining  events.  The  refining  process  relies  heavily  on  the  use 
of  high  resolution,  frequency- time  spectrograms  which  display  the 
wideband  analog  data  gained  with  each  of  the  plasma  wave  Instruments. 

Through  our  search  of  over  five  and  one-half  years  of  DIP  6 
and  Hawkeye  observations  we  ha-ve  collected  approximately  ll+5  electro- 
static e-vents  with  intensities  ^ 1 mV  m”^.  The  positions  of  these 
intense  events  are  identified  in  Figure  U,  with  the  figure  organized 
to  show  four  6-hour  segments  of  local  time  centered  at  magnetic  noon, 
midnight,  dusk,  and  dawn.  Positions  determined  within  each  six- 
hour  quadrant  ha-ve  been  rotated  (not  projected)  into  the  designated 
meridional  plane  (e.g.,  all  local  times  from  2100  through  O3OO  are 
rotated  into  the  midnight  meridian).  The  points  plotted  in  Figure  4 
represent  events  detected  in  each  of  the  six  frequency  channels  fran 
5.62  kHz  through  100  kHz. 
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It  is  apparent  from  Figure  4 that  intense  electrostatic  waves 
near  the  occur  at  all  local  times  and  over  a wide  range  of  lati- 

tudes. An  examination  of  the  local  time  distribution  of  the  events 
on  a finer  scale  than  that  of  Figure  4 does  not  reveal  signi- 
ficant preference  for  any  local  time.  The  limits  of  latitudinal 
coverage  by  the  two  satellites  are  indicated  by  dashed  lines,  with 
coverage  within  the  limits  not  uniformly  distributed.  The  apparent 
cutoffs  in  the  occurrence  of  events  near  magnetic  latitudes  + 50° 
may  represent  observational  limits  and  not  upper  bounds  for  the 
phenomena.  Orbital  coverage  is  also  greatly  reduced  near  the  mag- 
netic equator  due  to  this  relatively  large  inclinations  of  the  orbits 
relative  to  the  magnetic  equator.  Because  of  this  sampling  bias 
greater  numbers  of  intense  events  may  lie  close  to  the  equator  than 
are  indicated  by  Figure  4.  Kennel  ^ al.  [1970]  and  Fredricks  and 
Scarf  [1973]  have  reported  increased  occurrence  frequencies  for 
Intense  and  (n  + l/2)f”  bands  near  the  equator. 

With  a sample  of  only  145  events  it  is  difficult  to  perform 
detailed  statistical  studies.  We  believe  it  is  significant,  however, 
that  from  the  more  than  five  and  one-half  years  of  observations 
comprising  on  the  order  of  I500  plasmapause  crossings,  the  intense 
waves  were  observed  during  only  about  10^  of  the  crossings.  This 
in^lies  either  that  the  intense  waves  are  not  present  most  of  the 
time,  or  that  they  are  confined  to  localized  regions  near  the  plasma- 
pause  surface  which  cover  only  about  10^  of  the  area  normally  tra- 
versed by  Hawkeye  and  IMP  6.  The  frequency  of  occurrence  of  events 
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at  latitudes  within  + 10“  of  the  magnetic  equator  is  significantly 
higher  than  10%.  On  the  order  of  one  of  every  three  passes  of 
Hawkeye  or  IMP  6 through  the  region  within  10“  of  the  magnetic 
equator  for  3 R ^ 8 reveal  intense  waves  near  fyjjg* 

On  a few  occasions  intense  electrostatic  wave  events  have  been 
detected  in  nearly  the  same  region  of  the  magnetosphere  and  at  the 
same  frequency  on  two  consecutive  orbits.  Some  of  the  event-pairs 
display  striking  quantitative  similarities  suggesting  these  are  not 
Just  random,  unrelated  occurrences.  The  observation  of  similar 
events  on  successive  orbits  may  imply  that  the  lifetime  of  these 
intense  wave  events  can  be  as  long  as  two  to  four  days  (the  orbital 
periods  of  Hawkeye  1 and  IMP  6,  respectively).  Evidently,  the  condi- 
tions necessary  for  the  generation  of  the  intense  waves  are  present 
for  periods  of  time  of  several  hours  to  a few  days  and  this  lifetime 
could  possibly  give  clues  as  to  the  origin  of  the  waves.  A reason- 
able explanation  of  event  lifetimes  on  the  order  of  a few  days  is 
that  the  intense  electrostatic  events  are  related  to  magnetic  storms. 
A relationship  with  storms  might  also  explain  the  infrequent 
occurrence  of  the  events.  However,  a study  of  hourly  D , values  at 
times  when  the  intense  wave  activity  was  detected  yielded  a poor 
correlation  between  the  wave  events  and  magnetic  storms.  Only  about 
half  of  the  events  showed  any  association  with  storms.  The  values 
of  during  the  Intense  wave  events  were  also  analyzed.  The  distri- 
bution of  Kp  during  the  events  is  not  significantly  different  from 
the  Kp  distribution  for  all  times,  hence,  no  strong  association  with 
magnetic  activity  appears  to  exist. 
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A strong  correlation  between  wave  frequencies  and  the  radial 
distance  of  intense  wave  events  is  observed.  This  trend  is  illustrated 
in  Figure  5 by  plotting  the  number  of  events  detected  in  each  frequency 
channel  as  a function  of  radial  distance  from  the  earth.  The  pro- 
gressive decrease  in  wave  frequencies  of  the  events  with  increasing 
radial  distances  is  unmistaitable.  We  have  observed  approximately 
15  events  for  which  the  band  of  emission  was  present  for  an  interval 
of  time  sufficient  for  the  frequency  to  drift  from  one  channel  to 
the  next.  In  all  of  these  events,  the  drift  was  to  lower  frequencies 
as  a function  of  increasing  radial  distance.  This  relationship  is 
almost  certainly  due  to  a close  physical  connection  between  the  fre- 
quencies of  these  intense  bands  of  electrostatic  waves  and  character- 
istic frequencies  of  the  local  plasma.  In  this  region  of  the  magneto- 
sphere, both  the  electron  plasma  frequency  and  the  electron  gyro- 
frequency  show  monotone  decreases  with  increasing  radial  distance. 

It  follows  that  the  upper  hybrid  resonance  frequency  decreases  at 
the  same  time  (or  over  the  same  region  of  space).  In  general,  the 
Intense  electrostatic  wave  events  are  observed  at  frequencies  above, 
and  often  several  times  greater  than  f”.  Therefore,  we  feel  confi- 
dent that  the  Instability  is  most  closely  related  to  either  fp  or 

f, Evidence  is  presented  in  the  next  section  which  indicates 

UHR 

the  Intense  electrostatic  turbulence  is  directly  related  to  fyjjp* 

The  electron  gyrofrequency  may  remain  an  important  parameter  through 
the  (n  + 1/2 )f’  bands.  This  idea  shall  be  developed  further  in  the 


next  section. 
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other  parameters  which  characterize  the  intense  electrostatic 
waves  detected  near  include  the  duration  (or  spatial  extent) 

and  the  distance  from  the  plasmapause.  These  parameters  are  observed 
to  vary  greatly  in  magnitude  from  event  to  event  with  the  events 
illustrated  in  Figures  1 and  3 demonstrating  some  of  these  variations. 
For  example,  notice  in  Figure  3 that  the  intense  waves  clearly  lie 
outside  the  plasmapause,  with  the  center  of  the  event  located  nearly 
0.5  Rj,  beyond  the  plasmapause.  In  contrast,  the  event  shown  in 
Figure  1 lies  just  at  the  plasmapause.  Typically,  the  events  range 
from  being  Just  at  the  plasmapause  to  a few  outside.  The  average 
distance  is  about  1*3  Rg  from  the  plasmapause.  The  typical  event 
lasts  about  5 to  15  minutes  which  translates  into  an  average  radial 
extent  of  about  0.35  R^.  There  is  wide  variability  in  the  radial 
extent  of  the  events,  ranging  from  less  than  0.1  R^,  to  more  than 

C.  Identification  of  the  Wave  Mode 
By  analyzing  the  polarization  of  the  intense  waves  and  study- 
ing other  wave  modes  present  in  the  vicinity  of  the  intense  events 
we  can  gain  information  necessary  to  identify  the  wave  mode  of  the 
intense  waves.  For  example,  consider  the  plasma  wave  observations 
gained  with  Hawkeye  1 on  January  31,  1976  during  an  outbound 
traversal  of  the  magnetosphere  near  10  hours  magnetic  local  time. 

A portion  of  the  observations  are  presented  in  Figures  6a  and  again 
in  6b  to  demonstrate  the  presence  of  intense  waves  with  peak  electric 
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field  strengths  > 10  mV  m in  the  31-1-kHz  channel  between  l8U0 

and  1853  OT.  Figure  6a  is  divided  into  three  regions  according  to 

wave  polarization.  The  polarization  is  determined  by  analyzing 

the  electric  field  amplitude  as  a function  of  the  angle  between  the 

electric  dipole  antenna  and  the  geomagnetic  field,  B^.  The  shaded 

regions  indicate  where  the  polarization  of  the  waves  present  is 

such  that  the  electric  field  of  the  wave  is  nearly  parallel  to 

? . Regions  of  the  figure  lacking  shading  or  hatching  indicate 
o 

where  the  polarization  of  waves  present  is  such  that  the  electric 
field  is  nearly  perpendicular  to  The  hatching  indicates  that 

region  below  f"  consisting  of  whistler-mode  waves  which  are  not  of 

s 

primary  interest  here.  Superimposed  on  the  presentation  of  Figure  6b 


is  a solid  line  to  specify  the  electron  gyrofrequency  and  dashed 

lines  for  the  first  four  (n  + l/2)f"  harmonics.  The  magnetic  field 

intensities  required  to  calculate  f"  were  obtained  by  means  of  the 

S 

onboard  magnetometer,  and  were  provided  by  J.  A.  Van  Allen  [personal 
communication,  I978].  Since  the  spacing  of  the  eight  frequency 


channels  is  approximately  logarithmic,  the  ordinate  of  this  figure 
may  be  defined  as  a frequency  scale  with  the  baseline  of  each 
channel  marking  the  position  of  the  center  frequency  of  that  channel. 
As  shown  in  Figure  6a  the  polarization  of  the  intense  electro- 


static turbulence  at  31*1  Wiz  is  such  that  the  wave  electric  field 
is  perpendicular  to  the  geomagnetic  field,  The  perpendicular 

polarization  of  these  waves  provides  the  best  evidence  that  the 
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waves  are  most  closely  related  to  and  not  f".  There  are  no 

UHR  p 

modes  at  which  have  perpendicular  polarizations,  whereas  the 

modes  at  are  all  polarized  perpendicular  to  ^ [shaw  and 

Gurnett,  1978].  Other  events  have  been  analyzed  for  polarization 
with  each  one  showing  a perpendicular  rather  than  parallel  polar- 
ization. 

Figure  6b  shows  that  the  intense  electrostatic  waves  in  the 
31.1-kHz  channel  lie  directly  at  the  7f^2  harmonic.  Diffuse 
electrostatic  waves  in  the  23.7-  and  17.8-kHz  channels  also  align 
well  with  the  7f^2  band,  but  these  are  very  weak.  From  Figure  6b 
one  can  visualize  a continuous  band  at  7f‘^2  which  suddenly  inten- 
sifies near  184$  UT.  Most  of  the  events  studied  may  be  interpreted 
as  intensifications  of  one  of  the  (n  + l/2)f"  bands. 

There  is  sufficient  information  available  in  Figure  6a, b 
to  identify  the  frequency  of  the  intensification  of  the  7f~/2  band 

o 

as  f • The  waves  in  the  shaded  region  of  Figure  6a,  consisting 

UHR 

of  low  amplitude  wa^res  with  ?|)^q,  are  almost  certainly  continuum 

radiation  propagating  mainly  in  the  (L,  O)  mode  (in  the  convention 

of  Stix  [1962]).  The  intense  wave  event  is  located  very  close  to 

the  lower  frequency  cutoff  of  the  continuum  radiation  which  must 

be  f”.  Since  the  intense  waves  are  at  about  3.5  fli 

p 8 P Ufln 

and  as  discussed  above,  the  perpendicular  polarization  of  the 


intense  wave  turbulence  unambiguously  identifies  fyjjp  as  the 
characteristic  frequency  important  in  the  instability.  Therefore, 
the  event  shown  in  Figure  6a, b is  an  intensification  of  the  7f^2 

^UHR* 
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There  exist  many  other  examples  of  intense  wave  events  occur- 
ring at  when  % (n  + i/2)fg.  Figure  7 displays  IMP  6 wide- 
band data  in  a mode  which  cycles  through  handwidths  of  0.65  to  10  kHz 
11  to  19  and  finally  21  to  29  hHz  (not  shown)  while  alternately  switch- 
ing between  a magnetic  loop  antenna  and  an  electric  dipole  antenna. 
During  this  time  interval  the  electron  gyrofrequency  is  about  1.9  kHz 
(based  on  IMP  6 measurements  of  the  magnetic  field  obtained  from  the 
National  Space  Science  Data  Center,  N.  F.  Ness  and  D.  H.  Fairfield, 
principal  investigators)  and  electrostatic  bands  near  3f‘^2  and  5fg/2 
are  clearly  seen.  Continuum  radiation  is  detected  in  the  magnetic 
spectrogram  with  a lower  cutoff  at  15  kHz.  (Due  to  the  AGC  character- 
istics of  the  receiver,  the  gain  of  the  receiver  is  set  much  higher 
in  the  magnetic  portion  of  the  cycle  allowing  the  detection  of  the 
weak  continuum  radiation.  The  presence  of  the  intense  band  at  about 
15.2  kHz  in  the  electric  portion  of  the  cycle  sets  the  gain  to  a 
low  value,  hence,  the  continuum  radiation  can  no  longer  be  detected. ) 
The  intense  electrostatic  band  at  about  15>2  kHz  is  at  a frequency 
very  close  to  15f^2.  Notice  that  the  emissions  near  15  kHz  are 

separated  by  a frequency  very  close  to  f”.  Also,  if  the  lower  fre- 

S 

quency  of  the  continuum  radiation  is  f”,  then  f,„_  is  very  nearly 

P UHn 

15»2  kHz.  The  significance  of  f,™  «»  (n  + l/2)f"  for  the  intense 

UHK  g 

wave  events  will  be  addressed  in  the  discussion  section. 

The  question  which  remains  concerning  the  event  in  Figure  6 
is  the  explanation  of  the  apparent  spread  in  frequency  of  the  intense 
event.  It  appears  that  the  emissions  occupy  a very  broad  band  of 
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frequencies  extending  at  least  from  I3.3  kHz  to  178  kHz.  The  responses 
of  all  but  the  two  channels  adjacent  to  the  31.1- kHz  channel  are  too 
great  to  be  attributed  to  a single,  narrowband  signal  at  31.1  kHz. 

There  are  three  possible  explanations  for  the  responses  in  the  other 
channels;  (1)  the  event  is  broadband,  (2)  there  is  distortion  due  to 
receiver  saturation,  or  (3)  the  event  consists  of  multiple  bands. 

From  our  survey  of  the  high  resolution  spectrograms  we  can  eliminate 
the  possibility  of  the  event  being  broadband  since  no  evidence  for 
broadband  events  has  been  seen.  Without  high  resolution  spectrograms 
for  this  specific  example,  however,  the  other  two  possibilities  must 
remain. 

We  should  point  out  that  evidence  of  multiple-banded  events 
has  been  found  in  at  least  one  example  from  observations  with  the 
Hawkeye  instrument.  In  that  case  a band  was  detected  above  f 

UHR 

which  was  definitely  not  the  result  of  harmonic  distortion.  The 
spacing  of  the  two  bands  was  not  related  to  f",  hence  the  upper 
band  could  not  be  identified  as  an  (n  + l/2)f~  harmonic.  Specific 
examples  of  multiple-banded  events  which  are  most  likely  due  to 
harmonic  distortion  can  also  be  found  in  the  wideband  analog  data. 
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III.  SIMULTANEOUS  OBSERVATIONS 
OF  HOT  PLASMAS 


For  the  50  intense  electrostatic  wave  events  detected  with 
the  Hawkeye  plasma  wave  instrument,  h?  simultaneous  measurements 
of  hot  plasma  distributions  are  available  from  the  companion 
LEPEDEA  plasma  analyzer.  An  initial  survey  of  these  plasma  obser- 
vations was  accomplished  by  means  of  energy-time  (E-t)  spectro- 
grams of  the  analyzer  responses,  examples  of  which  are  displayed 
in  Plates  1 and  2.  The  proton  observations  will  not  be  discussed 
as  wave  frequencies  of  interest  are  sufficiently  high  so  that 
wave-particle  interactions  with  the  protons  are  considered  to  be 
negligible.  At  energies  less  than  several  hundred  electron  volts 
the  electron  measurements  may  be  aliased  by  spacecraft  charging 
within  the  range  h < L ^ 8 [ournett  and  Frark,  1976].  Therefore, 
we  have  restricted  the  survey  to  energies  E ^ 900  eV  (electron 
velocities  P 1.8  x 10^  cm  sec”^).  Such  a concentration  on  the 
hotter-component  of  the  electron  spectrum  is  suppoerted  by  the 
work  of  Lyons  [1974],  in  v*iich  it  was  demonstrated  that  the  greater 
the  wave  energy  of  electrostatic  waves  at  f > f”  the  greater  the 
energies  of  the  electrons  diffused  by  these  waves. 


36 


Each  plate  comprises  three  panels  for  the  presentation  of 
LEPEDEA  plasma  measurements  with  a common  time  base  displayed  along 
the  ordinate  of  each  panel.  Identification  of  spatial  position  is 
provided  at  10-minute  intervals  by  the  inclusion  of  geocentric  radial 
distance,  in  invariant  latitude,  in  degrees,  and  magnetic  local 
time,  in  hours.  The  formats  of  the  upper  and  middle  panels  are 
identical,  with  each  color  spectrogram  accompanied  by  a plot  of  the 
pitch  angles  of  the  particles  detected.  Numerical  values  on  the 
abscissas  of  the  spectrograms  are  approximately  equal  to  the 
logarithm  of  energy,  from  50  eV  to  ~ 20  keV.  Pitch  angles  are  dis- 
played linearly  over  the  range  0°  - l80°.  The  systematic  samplings 
in  pitch  angles  with  a period  of  ~ 3 minutes  arises  from  similar 
periods  for  the  spacecraft  rotation  rate  and  the  analyzer  repetition 
rate  for  the  individual  energy  scans.  The  color  bar  is  calibrated  in 
units  of  the  logarithm  of  the  instrument  responses,  counts  sec”^.  We 
will  not  be  concerned  with  observations  presented  in  the  bottom  panel. 

In  general  it  can  be  stated  that  measurable  intensities  of 
electrons  at  energies  E > 9^0  eV  have  been  detected  for  all  except 
one  of  the  intense  electrostatic  wave  events  for  which  simultaneous 
observations  are  available.  The  durations  of  measurable  electron 
intensities  were  generally  greater  (but  not  less)  than  the  typical 
10-minute  durations  for  wave  events,  however,  and  the  relative  loca- 
tions of  the  wave  events  within  the  regions  in  which  plasma  was 


detected  appeared  to  vary 


For  26  percent  of  the  cases  studied  the  spatial  (temporal) 
correlations  are  very  good  between  the  positions  of  the  most  intense 
electron  intensities  and  wave  intensities.  Such  a case  is  illustrated 
with  the  aid  of  Plate  1 and  the  displeiy  of  wave  intensities  in  Figure 
Figure  8.  The  greatest  wave  intensites  are  found  in  the  17.8-kHz 
channel  during  the  time  interval  2258  - 2305  UT,  and  are  preceded  by 
a ~ 10-minute  period  of  less  intense  emissions  principally  at  the 
lower  frequencies.  The  time  interval  of  greatest  electron  intensities 
corresponds  almost  exactly  with  that  for  the  most  intense  wave 
activity.  Other  notable  features  of  the  plasma  observations  are: 

(1)  a weak  pitch-angle  anisotropy  early  in  the  one-hour  period  which 
diminishes  in  amplitude  as  the  range  of  pitch  angles  scanned  decreases, 

(2)  gradual  increases  in  mean  energy  and  intensities  in  the  early 
period  prior  to  ~ 2258  UT,  corresponding  to  the  interval  of  relatively 
weak  wave  emissions,  and  (3)  an  abrupt  decrease  in  intensities  at 

~ 2305  ITT.  This  series  of  observations  was  gained  at  a comparatively 
high  magnetic  latitude  of  54°.  The  narrow  intensity  peaks  of  large 
eunplltude  which  appear  to  'walk'  across  the  electron  spectrogram  in 
Plate  1 represent  analyzer  responses  to  scattered  solar  Lyman-a 
radiation. 

For  the  74  percent  of  the  events  in  which  such  a striking 
correlation  is  not  present  one  observes  typically  a much  broader 
region  of  plasma-sheet-like  plasmas  than  that  illustrated  in  Plate  1, 
with  the  more  spatially  confined  wave  event  located  within.  The 
spectrograms  do  not  typically  reveal  noticeable  changes  in  the 
signature  of  the  electron  intensities  when  entering  into  and/or 
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exiting  from  a period  (or  region)  of  intense  wave  activity,  though 
striking  examples  do  exist.  Of  the  events  at  magnetic  latitudes 

greater  than  20°  virtually  all  of  those  events  showing  poor  correla-  ; 

tions  between  intense  wave  events  and  obvious  plasma  signatures  lie' 

at  magnetic  local  times  between  about  4 hours  and  20  hours.  Events 

showing  good  correlations  at  latitudes  above  20°  lie  between  about 

20  hours  and  4 hours  magnetic  local  time.  Notice  that  the  event 

with  good  temporal  correlation  shown  in  Figure  8 and  Plate  1 is  an 

apparent  exception  to  this  local  time  trend.  Local  time  does  not 

appear  to  affect  the  wave-plasma  correlation  for  events  near  the  | 

magnetic  equator.  Thus  it  appears  that  the  presence  of  measurable  | 

intensities  of  > 900-eV  electrons  is  necessary,  but  it  need  not  be  j 

I 

a sufficient  condition  for  the  presence  of  intense  electrostatic  I 

wave  activity.  | 

For  30  percent  of  the  events  studied  the  magnetic  latitude  | 

of  the  spacecraft  was  sufficiently  low  and  the  spin  axis  appro- 
priately directed  to  enable  the  plasma  analyzer  to  sample  a wide 
range  of  pitch  angles.  In  all  of  these  l4  events  the  electron 

intensities  at  a = 90°  and  relative  minima  at  0°  and  l80°.  ' j 

Typical  of  these  cases  are  the  observations  summarized  in  the  | 

spectrogram  of  Plate  2,  where  anisotropic  electron  intensities  !| 

were  detected  near  the  magnetic  equator  for  a period  of  ~ 25  minutes  | 

between  2155  and  ~ 2220  OT.  Telemetry  was  interrupted  in  the  | 

earlier  interval  2145  - 2155  UT,  but  observations  prior  to  signal  '' 

il 

loss  illustrate  the  presence  of  measureable  intensities  over  the 


the  10. o-  and  ib.^-kHz  channels  of  IMP  b) 
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more  limited  pitch-angle  range  then  being  scanned.  After  ~ 2220  UT 
the  intensities  of  more  energetic  electrons  approached  threshold 
levels.  The  enhanced  intensities  of  lower-energy  electrons 
detected  just  equatorward  of  the  plasmapause  (crossed  at  ~ 2210  UT) 
are  the  subject  of  other  work  and  will  not  be  discussed. 

It  is  in  the  narrow  time  interval  220k  - 2207  UT  that  a 
significant  departure  is  noted  from  the  average  in  energetic 
electron  intensities  over  the  25-ininute  interval  of  interest.  The 
intensities  of  electrons  with  energies  E 2;  J-“2  keV  increase  by  a 
factor  of  ~ 10  at  pitch  angles  a ~ 90°,  thereby  increasing  the 
magnitude  of  the  previously  existing  anisotropy.  In  the  2204  - 
2207  UT  interval  the  ratio  in  intensities  between  a = 90°  and  70°  is 
~ 10.  Plasma  wave  observations  shown  in  Figure  9 demonstrate  the 
presence  in  this  time  interval  of  an  intense  wave  event  with  maximum 
electric  field  strengths  of  ~ 6 x lo"^  V m”^  at  100  kHz. 

In  summary,  the  intensities  of  900-eV  electrons  in  the 
vicinity  of  intense  electrostatic  wave  avents  and  near  the  magnetic 
equator  appear  to  be  anisotropic ally  peaked  at  or  = 90°.  For  several 
of  the  events  noticeable  Increases  in  the  intensities  at  or  = 90° 
can  be  closely  associated  with  the  presence  of  intense  electrostatic 
wave  activity.  In  these  cases  the  anisotropies  in  electron  inten- 
sities can  be  as  great  as  a factor  of  ~ 10  at  some  energies  only 
15°  - 20°  away  from  cr  = 90°. 

Typical  electron  intensities  at  10  keV,  for  example,  ranged 
from  ~ 2 X 10^  to  ~ 2 x 10*^  (cm^  - sec  - sr  - ev)"^  at  or  ~ 90°  and 
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low  magnetic  latitude.  The  absence  in  one  case  of  measurable 
electron  intensities  at  magnetic  latitudes  of  ~ 20°  during  a wave 
event  is  consistent  with  the  presence  of  a highly  anisotropic 
distribution  with  intensities  of  ~ lO'^  (cm  - sec  - sr  - eV)  at 
equatorial  pitch  angle  of^  = 90“  and  energies  of  ~ 10  keV. 

B.  Electron  Distribution  Functions 

In  search  of  free  energy  sources  to  drive  intense  electrostatic 
wave  growth,  the  Hawkeye  data  were  surveyed  to  isolate  those  intense 
events  for  which  simultaneous  wave  and  plasma  observations  were 
available  within  several  degrees  of  the  magnetic  equator.  Four  cases 
qualified  for  analysis  based  upon  the  need  of  adequate  analyzer 
responses  at  pitch  angles  as  small  as  a = 30°.  Sample  densities 
were  improved  by  assuming  that  the  electron  intensities  were  hemi- 
spherically  and  gyro tropically  symmetric.  Electron  distribution 
functions  ''^j| ) were  then  constructed  for  an  energy  range 

extending  from  ~ 1 to  ~ 38  keV. 

Several  sources  of  free  energy  have  been  suggested  which 
are  based  upon  velocity  anisotropies  in  the  hot  electron  component 
of  distribution  functions.  The  signature  of  one  such  source  is 
the  appearance  of  a positive  slope  in  the  perpendicular  velocity 
component,  5f(v^,  ''^||  ^ fixed  Vy.  Variations  on  the 

classical  bump-on-tail  distribution  for  the  component  have 

been  studied,  for  example,  by  Fredricks  [1971]  and  Young  et  al. 

[1973]*  The  criterion  is  also  satisfied  at  small  v^  in  the  hot 
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component  by  means  of  loss-cone  distributions  for  which  contours 
of  V|| ) = constant  become  indented  about  the  V||  axis  [e.g, 

Ashour-Abdalla  and  Kennel,  1978a].  A second  signature  which 
apparently  need  not  satisfy  the  above  criterion  is  that  of  a small 
temperature  anisotropy  for  which  T^Tn  > 1 [Ashour-Abdalla  and  Cowley, 
1974].  These  two  signatures  have  been  observed  in  distribution 
functions  obtained  with  the  LEPEDEA  plasma  analyzer. 

The  first  event  to  be  examined  is  from  April  5>  1977,  during 
the  outbound  portion  of  orbit  487  and  demonstrates  the  presence  of  a 
loss-cone  distribution  at  the  magnetic  equator.  The  time-history 
of  the  wave  event  is  displayed  in  Figure  10,  where  it  can  be  seen 
that  wave  activity  was  Intense  between  ~ 04l5  ur  and  ~ 0438  UT,  with 
peak  activity  recorded  at  ~ 0431  UT  In  the  17.8-kHz  channel.  The 
Intensities  of  1-keV  electrons  (not  Illustrated)  increased  signi- 
ficantly simultaneously  with  the  onset  of  wave  activity,  and  remained 
at  large  flux  levels  until  after  0500  UT.  No  significant  changes  are 
visible  in  the  E-t  spectrogram  for  this  event  at  ~ 0438  UT  when  the 
wave  intensities  decreased  sharply.  The  electron  velocity  distri- 
bution function  presented  in  Figure  11  results  from  observations  in 
the  interval  0429  - 0433  UT  (centered  on  peak  wave  activity).  It 
possesses  a well-defined  loss  cone  at  pitch  angles  a ^ 25“  with 
J)f/6v^  > 0 for  V||  > 2 X 10^  cm  sec  . The  distribution  function  is 
approximately  Maxwellian  at  each  pitch  angle  for  f ^ lO""^  cm"  sec^, 
but  the  temperature  at  a = 15”  is  a factor  of  ~ 2 less  than  that  at 
a = 80°.  The  temperature  decreases  uniformly  with  pitch  angle  in 
the  intermediate  angles. 


magnetic  activity  appears  to  exist 
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The  dashed  line  traversing  contours  of  constant  phase-space 
density  at  low  values  of  v^  represents  the  locations  at  which  the 
analyzer  response  equals  100  counts  sec  and  serves  to  delineate 
the  portion  of  the  distribution  function  at  lower  v^  for  which  the 
counting  statistics  of  the  digital-to-analog  rate  meter  require 
increasing  attention.  Contours  are  not  displayed  for  average  responses 
less  than  50  counts  sec”^. 

The  second  of  the  four  events  analyzed  has  yielded  a distri- 
bution function  displaying  features  qualitatively  similar  to  those 
presented  in  Figure  11.  The  loss  cone  is  less-clearly  defined, 
but  the  temperature  anisotropy  for  Maxwellian  fits  at  pitch  angles 
a = 90°  and  15°  is  nearly  equal  to  2.  And  again,  the  temperature 
decreases  smoothly  at  the  intermediate  values  of  a. 

The  third  event  analyzed  provides  an  exariple  of  an  electron 
distribution  function  which  exhibits  a loss-cone  distribution  but 
no  significant  temperature  anisotropy.  The  time  history  of  the 
wave  event  detailed  in  Figure  12  indicates  that  two  brief  wave 
bursts  were  recorded  in  the  interval  23^2  - 2350  UT,  and  that 
peak  wave  intensities  of  ~ 0.6  mV  m~^  were  detected  in  the 
100-kHz  channel.  An  E-t  spectrogram  for  this  period  shows  that 
the  brief  wave  events  occurred  within  a larger  time  interval  of 
~ 30  minutes  duration  during  which  highly  anisotropic  and  energetic 
electron  intensities  were  detected.  No  corresponding  changes  are 
noted  at  the  times  of  the  wave  events.  The  distribution  function  of 


Figure  13  was  constructed  from  observations  acquired  in  the  interval 
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23^6  - 2350  UT  during  which  the  second  of  the  two  wave  events  took 

Q _i 

place.  The  loss  cone  is  clearly  present  ^ 2 x 10^  cm  sec  . 

The  distribution  may  be  approximated  by  a Maxwellian  at  fixed  pitch 
angles  and  at  energies  E 10  keV,  but  it  is  less  convincing  than  for 
the  first  two  events  discussed.  No  significant  temperature  anisotropy 
exists  between  pitch  angles  a = 85°  and  25°*  The  distribution  is 
is  more  strongly  peaked  at  large  pitch  angles  or  > 75°  than  for  the 
first  two  cases. 

The  fourth  distribution  function  has  been  obtained  from 
plasma  observations  presented  previously  in  Hate  2 and  discussed 
in  conjunction  with  the  wave  event  of  Figure  9*  The  distribution 
function  presented  in  Figure  l4  details  the  state  of  the  energetic 
electron  population  in  the  interval  2205  - 2207  UT  for  which  peak 
wave  activity  was  recorded.  The  E-t  spectrogram  for  the  event  dis- 
plays a brief  period  of  enhanced  electron  intensities  centered  on 
the  time  of  the  maximum  wave  intensities.  No  conclusions  can  be 
drawn  about  the  form  of  the  distribution  function  at  pitch  angles 
a < 30“  as  average  analyzer  responses  are  < 50  counts  sec”^.  The 
distribution  is  strongly  peaked  at  large  pitch  angles.  The  gradient 

ftf/ftv^  is  sufficiently  small  at  or  ~ 90“  and  velocities 
9 -1 

v^  ~ 6-to-lO  x 10^  cm  sec  to  suggest  the  presence  of  a narrow 
region  of  zero  slope  at  the  least  and  a small  bump-on-tail  distri- 
bution at  best.  The  latter  distribution  could  not  be  resolved 
with  the  Hawkeye  analyzer  at  those  energies. 
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The  distribution  functions  presented  have  been  computed 
Irom  intensity  measurements  gained  with  a plasma  analyzer  of  finite 
field  of  view  which  is  rectangular  and  measures  8°  x 30°.  For 
analyzer  orientations  normal  to  B the  range  of  pitch  angles  sampled 
was  confined  to  a = 90°  + 4°.  This  presents  no  concern.  However, 
when  oriented  parallel  to  ^ the  15°  half-angle  permits  the  sampling 
of  pitch  angles  a = 0°  to  15°  and  can  result  in  an  overestimate 
of  phase-space  densities  at  the  smallest  angles.  A quantitative 
demonstration  of  the  consequences  of  a finite  field  of  view  has 
been  prepared  by  choosing  an  analytic  representation  for  a loss- 
cone  distribution  and  calculating  the  distribution  function  which 
would  be  deduced  from  measurements  with  an  analyzer  of  field  of 
view  8°  X 30°.  Contours  of  constant  V|| ) are  presented  in 

Figure  15  as  solid  lines  for  a subtracted  bi-Maxwellian  distribu- 
tion [Ashour-Abdalla  and  Kennel,  1978a].  The  free  parameters 
selected  are  n^  = 0.125  cm”^,  = 10  keV,  E||  = 3 kev,  p = 0. 9 

and  A = 0.  (P  and  A are  parameters  quantifying  the  width  and 
depth  of  the  loss-cone  distribution  as  defined  by  Ashour-Abdalla 
and  Kennel  [1978a].)  A strong  loss  cone  is  developed  at  pitch 
angles  a ^ 25°  with  a large  anisotropy  present  at  greater  angles. 
Corresponding  computed  instrument  responses  are  shown  by  dashed 
lines  which  differ  from  the  actual  contours  only  at  pitch  angles 
or  ^ 25°.  It  can  be  seen  that  the  largest  overestimates  in  this 
example  appear  for  angles  or  15°. 


In  summary,  electron  distribution  functions  studied  reveal 
the  presence  of  temperature  anisotropies  and/or  loss-cone  depletions 
which  are  believed  to  represent  sources  of  free  energy  for  the 
growth  of  electrostatic  waves.  The  depths  of  the  loss  cones  at 
the  smallest  pitch  angles  sampled  may  have  been  underestimated 
due  to  the  finite  field  of  view  of  the  plasma  analyzer. 


the  event  shown  in  Figure  oa,D  is  an  intcnBiix>.c»v,x....  v..  — .-g,- 
band  at 
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IV.  DISCUSSION 


A.  Possible  Mechanisms  For  Generating  Intense 
Electrostatic  Waves  Near 

The  Harris  dispersion  relation  [Harris,  1959]  undoubtedly 
includes  the  instability  responsible  for  the  generation  of  the  in- 
tense electrostatic  turbulence  discussed  herein,  but  it  is  not  a simple 
task  to  determine  the  way  in  which  several  parameters  act  together  to 
produce  the  highly  unstable  mode  reported  in  this  paper.  Shaw  and 
Gurnett  [1975]  discuss  the  application  of  the  Harris  dispersion  rela- 
tion to  the  electrostatic  bands  reported  in  that  paper,  including  the 
diffuse  electrostatic  bands  and  narrowband  electrostatic  noise.  The 
UHR  band  similar  to  that  reported  by  Hosier  £t  al.  [1973]  and  Gurnett 
and  Shaw  [1973]  has  been  interpreted  as  Cerenkov  noise  from  energetic 
particle  fluxes  by  Gregory  [I971].  Taylor  and  Shawhan  [1974]  calculate 
that  sufficiently  large  electric  fields  are  generated  between  the  local 
plasma  frequency  and  fyj^  by  incoherent  Cerenkov  radiation  from  thermal 
electrons  to  explain  the  upper  hybrid  resonance  band  at  the  wave 
amplitudes  treated  by  Gurnett  and  Shaw. 

Waves  at  or  near  the  (n  + l/2)f"  harmonics  have  been  reported 

6 

by  many,  including  Kennel  et  al.  [1970],  Fredricks  and  Scarf  [1973]^ 
and  Scarf  et  al.  [1973]  and  have  been  studied  theoretically  most 
recently  by  Ashour-Abdalla  and  Kennel  [1978a, b]  and  Hubbard  and 
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Birmingham  [1978a J»  The  latter  three  references  show  good  qualita- 
tive agreement  between  growth  rate  calculations  and  the  character- 
istics of  (n  + 1/2 )f”  waves.  Ashour-Abdalla  and  Kennel  [1978a] 
demonstrate  that  a large  number  of  plasma  parameters  control  the 
instabilities.  For  example,  the  cold  electron  temperature  controls 
the  spatial  amplification  of  the  waves  while  the  cold-to-hot  electron 
density  ratio  and  the  cold  upper  hybrid  frequency  control  which 
bands  are  unstable.  The  underlying  requirement  for  instability, 
however,  is  that  the  electron  velocity  distribution  must  have  a 
region  of  positive  slope  with  respect  to  the  perpendicular  velocity 


component,  v^. 

All  of  the  above  work  in  the  theory  of  electrostatic  insta- 
bilities in  the  magnetosphere  is  Important  to  the  explanation  of 
the  intense  electrostatic  waves  discussed  in  this  paper.  The  code 
of  Ashour-Abdalla  and  Kennel  [1978b]  can  possibly  be  extended  to 

the  frequency  range  of  these  waves  easily  if  the  ratio  of  f,^ 

UHR 

(calculated  using  the  cold  electron  number  density)  to  f"  is  not 

s 

exceedingly  high  [Ashour-Abdalla,  personal  communication].  Even  so, 
the  plasma  must  be  described  by  several  parameters  including  the 


cold  electron  density  and  temperature  as  well  as  a description  of 


the  hot  component,  which,  as  shown  in  Section  III,  may  take  the 
form  of  a loss-cone  distribution,  and/or  anisotropic  distribution  in 
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In  light  of  the  foregoing  theoretical  considerations  we  sug- 
gest that  the  fact  that  the  intense  electrostatic  turbulence  reported 
here  is  usually  found  when  the  band  at  f-_„  coincides  with  one  of 
the  (n  + l/2)f”  bands  is  likely  to  account  for  the  extreme  intensity 
of  the  waves.  While  the  intensifications  of  the  band  near  fyjjp 
have  not  been  treated  directly  in  the  theory,  there  is  sufficient 
information  available  with  which  to  formulate  a scenario  for  explain- 
ing the  intense  waves.  Hubbard  and  Birmingham  [1978a]  offer  a 
classification  scheme  for  electrostatic  emissions  between  harmonics 
of  fg  in  the  magnetosphere.  Hubbard  and  Birmingham's  "class  4" 
emissions  include  waves  similar  to  the  waves  of  primary  importance 
in  this  paper  in  that  the  "class  4"  waves  occur  between  cyclotron 

harmonics  near  f”. 

P 

Hubbard  and  Birmingham  [1978a]  predict  wave  growth  near 

f"  if  f”  sj  f,™  and  if  n /n.  > 1 where  f is  the  upper  hybrid 

resonance  frequency  calculated  using  the  cold  electron  density 

and  n^  and  n^  are  the  cold  and  hot  electron  densities,  respectively. 

In  addition  to  waves  near  f”  (r*  f,™)  the  theory  shows  much  weaker 

p UrlC/ 

growth  at  higher  and  lower  frequencies.  The  condition  > 1 

is  consistent  with  observations  of  the  waves  near  since  f^^^^ 

approaches  f,,^  as  n /n^  increases.  In  addition,  the  location  of 
UHR  c n 

the  intense  waves  near  the  plasmapause  probably  assures  a relatively 
large  ratio. 
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Ashour-Abdalla  and  Kennel  [1978b]  provide  a useful  tool  for 
applying  the  theory  of  (n  + l/2)f  emissions  to  waves  near  f,^. 
Figure  4 of  that  paper  shows  regions  of  nonconvective  instability 
as  a function  of  f and  n /n Nonconvective  instability  implies 
large  growth  rates  since  the  waves  do  not  propagate  out  of  the 
region  of  amplification.  The  result  of  the  study  of  regions  of 
nonconvective  instability  is  that  for  a wide  range  of  non- 

convective growth  will  occur  only  at  the  (n  + l/2)fg  band  closest 
to  Typically,  T^/t^^,  the  ratio  of  the  cold-to-hot  electron 

temperatures,  must  be  less  than  about  5 x 10  , and  I.5  ^ ^ 

for  f,^  ^ 4f“. 

UHR  g 

The  scenario,  then,  is  that  a low  intensity  band  near  f,„„ 
may  commonly  be  observed  at  or  beyond  the  plasmapause  as  reported 
by  Gurnett  and  Shaw  [1973]  and  Shaw  and  Gurnett  [1975].  The  low 
intensity  UHR  band  may  be  the  result  of  incoherent  Cerenkov  radi- 
ation [Taylor  and  Shawhan,  1974].  Then,  under  the  proper  plasma 
conditions,  including  the  existence  of  a free  energy  source  in  the 
electron  distribution  function,  nonconvective  growth  may  set  in 
for  frequencies,  f^,  such  that  f^  «<  fyjjp  (n  + l/2)f”,  assuming 
n^/uj^  ^ 1.5»  The  resulting  waves  will  have  k^  » k||  where  k^  and 
k||  are  the  perpendicular  and  parallel  wave  numbers,  respectively. 
Hence,  for  electrostatic  waves,  the  wave  electric  field  is  nearly 
perpendicular  to  A fundamental  requirement  for  the  cyclotron 

instability  is  the  presence  of  a positive  slope  in  the  perpendicular 


electron  distribution  function  or  a temperature  anisotropy. 
Furthermore,  the  cold  electron  density  and  temperature  play  important 
roles  in  determining  at  which  frequencies  the  instability  grows  and 
how  rapidly.  The  study  of  the  Hawkeye  plasma  data  does  not  treat 
the  cold  electron  distribution  but  provides  several  possibilities 
for  free  energy  sources  to  drive  the  waves.  It  is  significant  that 
the  hot  distribution  function  of  Ashour-Abdalla  and  Kennel  [1978a] 
may  be  readily  fit  to  the  measured  distribution  functions  shown  in 
Section  III.  For  example,  at  the  larger  velocities  the  model  dis- 
tribution function  illustrated  in  Figure  15  displays  qualitative 
features  similar  to  the  actual  ^’(''''^>''^11 ) contours  of  Figures  11  and  I3. 
Even  though  the  entire  distribution  function  remains  unmeasured, 
the  form  of  the  loss-cone  free  energy  source  indicates  that  the 
theories  of  Ashour-Abdalla  [1978a, b]  and  Hubbard  and  Birmingham 
[1978a]  are  based  on  reasonable  model  distribution  functions. 
Obviously,  the  next  steps  in  the  study  of  this  instability  are  to 
carry  plasma  measurements  to  lower  energies,  for  example,  with 
the  ISEE  Quadrispherical  LEPEDEAs  [Frank  £t  al. , 1978]  and  to  more 
closely  tune  the  model  distribution  functions  utilized  in  the 
theoretical  work  to  direct  observations. 

B.  Intense  Electrostatic  Waves  as  a Source  of 
Nonthermal  Continuum  Radiation 

An  issue  of  significant  importance  is  whether  or  not  these 


intense  electrostatic  waves  are  related  to  the  generation  of  a 
portion  of  the  earth's  radio  spectrum.  It  is  reasonable  to  examine 
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these  regions  of  strong  electrostatic  waves  in  connection  with  the 
generation  of  the  nonthermal  continuum  radiation.  Gurnett  [I975] 
reported  the  generation  region  to  be  a broad  region  outside  the 
plasmapause  at  radial  distances  between  4.0  and  8.0  and  between 
about  0400  and  l400  hours  local  time.  While  this  study  reveals  the 
intense  electrostatic  events  at  all  local  times,  the  radial  distance 
range  just  outside  the  plasmapause  is  very  similar  to  that  found 
for  the  intense  electrostatic  waves.  A significant  relation  between 
these  intense  electrostatic  waves  and  the  generation  of  continuum 
radiation  is  found  in  Gurnett  and  Frank  [1976]  in  which  it  is  argued 
that  continuum  radiation  appears  to  be  correlated  with  intensities 
of  1 to  20  keV  electrons  in  the  region  4 L 8,  similar  to  the 
electrons  apparently  involved  in  the  instability  generating  the  waves 

^UHR- 

There  are  several  other  reasons  to  expect  these  electro- 
static waves  may  be  connected  with  the  nonthermal  continuum.  Gurnett 
shows  a typical  spectrum  of  the  continuum  radiation  (see  Figure  4 
of  Gurnett  [1975])  which  has  a lower  frequency  cutoff  of  about  3 kHz 
defined  by  the  local  electron  plasma  frequency  in  the  magnetospheric 
cavity  in  which  the  lower  frequency  portion  of  the  radiation  is 
trapped.  The  upper  frequency  limit  of  the  feature  in  Gurnett' s 
spectrum  is  about  200  kHz.  This  range  in  frequency  is  very  similar 
to  the  frequencies  of  the  intense  electrostatic  waves  near  f,,„, 

(c.f..  Figure  5).  In  fact,  a few  events  were  seen  in  the  178-kHz 


believe  the  source  for  the  continuum  radiation  is  centered  at  the 
earth  based  on  the  center  panel.  The  top  panel  is  another  plot  of 
the  power  flux  of  the  continuum  radiation,  but  as  a function  of 
(R-R' ) where  R is  the  position  of  the  satellite  and  R'  is  the  posi- 
tion of  the  intense  wave  region.  We  have  assumed  that  the  earth, 
the  intense  waves,  and  the  satellite  are  collinear  for  this  simple 
demonstration.  The  dashed  line  in  the  top  panel  of  Figure  16  is 
a function  which  is  proportional  to  (R-R')  . There  is  very  good 

agreement  betweeji,  t^  assumed  geometry  and  the  data  in  this 
top  panel.  We  have  made  no  atteiig)t  to  do  a least  squares  fit  or 
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to  adjust  R'  for  a better  fit.  We  seek  only  to  demonstrate  that 
the  continuum  radiation  clearly  appears  to  be  radiating  from  a 
source  near  4,3  and  that  the  source  is  fairly  canpact. 

There  are  several  examples  similar  to  that  shown  in  Figure  16 
which  strongly  suggest  the  intense  waves  are  a local  source  of  non- 
thermal  continuum  radiation  (see  Gurnett's  [19751]  Figure  13). 

Another  example  of  this  effect  is  seen  in  the  IMP  6 orbit  76  event 
I shown  in  Figure  1.  We  must  say,  however,  that  most  events  do  not 

I display  any  direct  relationship  to  continuum  radiation.  The  event 

f shown  in  Figure  8 shows  little,  if  any,  continuum  radiation  which 

could  be  related  to  the  intense  waves.  It  is  not  clear  why  some 
j events  appear  to  be  generating  continuum  radiation  and  others  do 

not.  Two  possible  explanations  are  that  either  the  wave-wave  inter- 
action converting  electrostatic  waves  into  the  electromagnetic  mode 
is  sometimes  very  inefficient  or  non-existent  or  there  is  a propa- 
gation effect  which  dictates  regions  or  dirt'Ctions  in  which  the 
waves  will  not  propagate.  An  example  of  the  latter  case  might  be 
a wave-wave  interaction  which  yields  waves  strongly  beamed  in  parti- 
cular directions  as  defined  by  wave-vector  selection  rules  for  that 
interaction. 

It  is  not  the  purpose  of  this  paper  to  prove  that  the  intense 
electrostatic  waves  reported  here  are  solely  responsible  for  the 
generation  of  the  nonthermal  continuum  radiation.  We  have  shown, 

. however,  that  several  features  of  the  electrostatic  waves  make  them 

a possible  source  of  continuum  radiation.  The  event  shown  in 


i 
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Figure  16  strongly  suggests  that  intense  electrostatic  waves  are  at 
least  secondary  sources  of  nonthermal  continuum  radiation,  even  if 
there  are  other  mechanisms  producing  the  bulk  of  the  electromagnetic 
radiation. 


V.  CONCLUSIONS 


We  have  described  a class  of  very  intense  electrostatic  waves 
located  at  or  just  outside  the  plasmapause  near  the  upper  hybrid 
resonance  frequency.  The  waves  at  amplitudes  from  ~ 1 to  20  mV  m”^ 
are  only  observable  in  about  of  the  plasmapause  crossings  made 
by  the  Hawkeye  1 and  DIP  6 satellites,  however,  they  are  among  the 
most  intense  plasma  waves  seen  in  the  magnetosphere.  The  observable 
characteristics  of  the  waves  are: 

1.  The  waves  are  often  very  intense,  > 10  mV  m”^* 

2.  The  waves  are  narrowband  and  fluctuate  rapidly  in  intensity. 

3.  The  waves  are  found  at  all  local  times  in  a magnetic  latitude 

range  from  the  equator  to  at  least  + 50° • 

U.  The  waves  occur  at  or  just  outside  the  plasmapause  and  the 

higher  frequency  events  are  found  generally  at  smaller  radial  dis- 
tances, l.e.,  closer  to  the  plasmapause. 

5.  The  waves  usually  lie  between  harmonics  of  f”. 

6 

6.  The  waves  also  lie  near  f,^. 

UrlK 

7.  The  waves  are  polarized  such  that  the  wave  electric  field  is 
perpendicular  to  the  geomagnetic  field. 

8.  There  is  a small  magnetic  field  component  to  the  waves  in 
many  cases,  but  the  elec trie- to-magnetic  field  energy  density  ratio 
is  always  very  large. 


/ 
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In  addition,  evidence  is  given  which  strongly  suggests  the  wave 
events  are  at  least  secondary  sources  of  nonthermal  continuum 
radiation. 

Plasma  measurements  taken  simultaneously  with  the  detection 
of  the  intense  waves  show  only  a fair  correlation  with  intensities 
of  electrons  in  the  energy  range  from  about  1 to  20  keV.  However, 
all  events  detected  at  the  magnetic  equator  when  an  ample  range  of 
pitch  angles  is  sampled  show  evidence  of  pitch  angle  anisotropies 
in  favor  of  or  = 90° • Measurements  of  the  velocity  distribution  func- 
tion for  events  detected  at  the  magnetic  equator  reveal  two  sources 
of  free  energy;  a loss-cone  distribution,  and  a temperature  anisotropy 
with  There  is  a suggestion  of  a possible  third  source  of 

free  energy  in  the  form  of  a bump-on-tall  in  v^. 

A possible  explanation  of  the  intense  electrostatic  waves 
near  “lay  exist  in  the  theory  of  multi-cyclotron  emissions.  The 
theory  predicts  large  spatial  growth  rates  in  the  (n  + l/2)f”  band 

including  f™„  while  growth  rates  at  other  frequencies  are  smaller. 

UHC 

The  theory  is  based  on  a loss-cone  distribution  function  which  is 
qualitatively  supported  by  simultaneous  plasma  measurements. 
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Plate  1 


Plate  2 


FIGURE  CAFTiraJS 


An  energy- time  spectrogram  for  LEPEDEA  plasma  obser- 
vations in  the  period  2230  - 2330  UT  on  April  23,  1976. 
This  spectrogram  was  obtained  during  the  high  latitude 
wave  event  shown  in  Figure  8.  The  time  correlation 
of  the  electron  intensities  at  about  1 keV  with  the 
intense  electrostatic  waves  seen  in  Figure  8 is  very 
good. 

An  energy-time  spectrogram  for  LEPEDEA  plasma  obser- 
vations in  the  period  2l40  - 2240  UT  on  August  15,  1975. 
This  spectrogram  was  obtained  at  the  magnetic  equator 
dxiring  the  intense  electrostatic  wave  event  shown  in 
Figure  10.  Note  the  highly  anisotropic  electron 
intensities  at  about  1 keV  between  2200  and  2210  UT. 


NOTE: 


Plates  1 and  2 will  be  published  in  color. 
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Figure  1 An  example  of  intense  electrostatic  waves  detected  just 
at  the  plasmapause  by  the  University  of  Iowa  plasma  wave 
instrument  onboard  the  IMP  6 satellite.  The  solid  black 
areas  have  a vertical  extent  proportional  to  the  average 
electric  field  strength  during  5.3  second  averaging 
intervals.  The  dots  indicate  the  peak  electric  field 
detected  during  the  same  interval. 

Figure  2 The  electric  field  spectrum  of  the  intense  electrostatic 
wave  event  shown  in  Figure  1.  Notice  the  intense  waves 
are  sharply  peaked  at  56.2  kHz  and  the  peak-to-average 
ratio  is  about  30,  indicating  large  fluctuations  in 
intensity  on  a time  scale  of  a few  seconds. 

Figure  3 Another  example  of  intense  waves  as  measured  by  the 

IMP  6 instrument.  This  event  is  approximately  0. 5 Rg 
outside  the  plasmapause.  The  magnetic  spectrum  analyzer 
data  shown  in  the  lower  panel  indicate  the  presence  of 
a relatively  small  magnetic  component  for  this  event. 

The  electric-to-magnetic  field  energy  density  ratio 
for  this  example  is  about  I600. 
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A display  of  all  intense  electrostatic  wave  events 
(|e|  > 1 mV  m detected  during  over  five  and  one- 
half  years  of  observations  with  the  Hawkeye  1 and 
IMP  6 satellites.  Each  of  four  quadrants  in  magnetic 
local  time  are  rotated  into  the  noon-midnight  and  dawn- 
dusk  magnetic  meridian  planes  shown  here.  Notice  the 
wide  range  of  latitudes  at  which  the  intense  waves  are 
detected.  The  events  also  occur  at  all  local  times. 

A series  of  histograms  showing  the  number  of  intense 
electrostatic  wave  events  with  electric  field  amplitudes 
greater  than  about  1 mV  m ^ as  a function  of  radial 
distance.  Each  histogram  represents  the  events  detected 
at  each  of  six  different  frequencies.  The  histogram 
labelled  10  kHz"  comprises  events  from  IMP  6's  10-kHz 
channel  and  Hawkeye's  13.3-kHz  channel  and  the  histogram 
labelled  17  kHz"  combines  the  events  from  the  16.5- 
and  17.8-kHz  channels  from  IMP  6 and  Hawkeye  1,  respec- 
tively. Notice  the  trend  towards  lower  frequencies  at 
greater  distances.  Implying  that  the  instability  is 
closely  related  to  either  fyjjg  or  f~. 

a.  A display  of  plasma  wave  measurements  of  an  intense 


f 


a 


ii 


wave  event  detected  by  Hawkeye  1 with  a sunmary  of  polari- 
zation measurements  superimposed  over  the  data.  The  spin 
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modulation  seen  in  many  of  the  features  has  been  analyzed 
to  determine  the  orientation  of  the  wave  electric  field 
with  respect  to  the  geomagnetic  field.  The  shaded  regions 
are  regions  of  frequency  and  time  where  all  waves  are 
polarized  such  that  consistent  with  the  polarization 

of  nonthermal  continuum  radiation.  The  unshaded  region 
indicates  frequencies  and  times,  including  the  intense 
electrostatic  event  at  31*1  Wiz,  when  waves  with  measure- 
able  polarization  have  electric  fields  oriented  perpendi- 
cular to  This  polarization  unambiguously  identifies 

f,^  as  the  characteristic  frequency  of  the  intense 
waves  (see  text).  The  hatched  region  consists  of  whistler- 
mode turbulence. 

b.  A display  of  plasma  wave  measurements  of  the  same 
event  shown  in  Figure  6a,  but  overlaid  with  lines  at  f 

S 

and  the  lower  order  (n  + l/2)f  bands  using  the  ordinate 

as  a frequency  scale.  Notice  that  a large  number  of 

the  features  present  in  this  complex  region  lie  at  or 

near  the  (n  + l/2)f”  harmonics.  In  particular,  the 

intense  event  at  31»1-  Mz  lies  directly  at  the  7f  /2 

6 

harmonic. 


L 


T 


Figure 


Figure 


Figure 


Figure 


5^+ 


7  A high-resolutioa  frequeacy  time  spectrogram  of  Intense 

electrostatic  waves  which  occur  not  only  at  an  (n  + l/2)f~ 

6 

harmonic,  but  also  near  f,,™*  The  gyrofrequency  for  this 

UnH 

event  is  about  I.9  kHz  and  f,™  (using  the  lower  frequency 

UnK 

cutoff  of  the  continuum  radiation  for  f ) is  about 

P 

15.2  kHz. 


8  A high  latitude,  intense  electrostatic  wave  event  to  be 
compared  to  the  plasma  measurements  shown  in  Plate  1. 

The  time  correlation  between  the  presence  of  the  intense 
waves  in  the  17.8-kHz  channel  and  electron  intensities 
near  1 keV  is  very  good. 


9 An  intense  electrostatic  wave  event  at  100  kHz  located 
near  the  magnetic  equator.  The  energy-time  spectrogram 
for  plasma  measurements  gained  during  this  event  is 
shown  on  Plate  2. 

10  An  electrostatic  wave  event  for  which  an  electron 
velocity  distribution  has  been  measured  and  shown  in 

! 

Figure  11.  The  intense  signal  of  interest  occurs  in  i 

the  17. 8- kHz  channel  between  about  0!+15  and  0435  UT.  , 
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Figure  11  A continuatioa  of  Figure  10  which  presents  the  electron 
velocity  distribution  function  from  LEPEDEA  observations 
in  the  period  0429  - 0433  UT  on  April  5,  1977.  The  area 
to  the  left  of  the  dashed  line  through  contours  of  con- 
stant f(v  ,v.|)  is  a region  at  small  v for  which  the 
plasma  analyzer  responses  are  < 100  counts  sec”^. 


Figure  12  The  intense  electrostatic  wave  event  for  which  an 

electron  velocity  distribution  has  been  measured  and 
shown  in  Figure  I3.  This  event,  near  2345  UT  in  the 
100-kHz  channel,  exhibits  extreme  fluctuations  in 
amplitude  on  a time  scale  of  minutes. 


Figure  13  A continuation  of  Figure  12  which  presents  the  electron 
velocity  distribution  function  for  the  period  2346  - 
2350  UT  on  November  17,  1975* 


Figure  l4  A continuation  of  Figure  9 find  Plate  2 which  presents 
the  electron  velocity  distribution  function  for  the 
period  2205  - 2207  UT  on  August  15,  1975» 


Figure  15  Contours  of  constant  phase-space  density  for  a bi- 
Maxwellian  distribution  function  with  parameters 
n^j  = 0.125  cm”^,  E||  = 3 keV,  E^  = 10  keV,  A = 0 and 
P = 0.9  (solid  lines)  and  the  contours  which  result 
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from  the  detection  of  that  distribution  with  an  analyzer 
whose  field  of  view  is  the  same  as  that  for  the  Hawkeye 
luJPEDEA  (dashed  lines). 

Figure  l6  A demonstration  of  an  intense  electrostatic  wave  event 
as  a local,  compact  source  of  nonthermal  continuum 
radiation.  Power  flux  plotted  as  a function  of  radial 

distance  from  the  earth  in  the  center  panel  does  not 

_2 

show  the  R dependence  expected  for  a source  centered 
at  the  earth.  However,  the  plot  of  power  flux  as  a 
function  of  the  distance  from  the  intense  event  centp’*ed 
at  U.3  Rg  shows  a definite  (R-R* )”  dependence. 
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